Previous investigations (1) demonstrating the antigenicity of the active principles of the phenomenon of local skin reactivity suggested that they were either protein in nature or perhaps associated with proteins. In order to obtain additional information on the general properties of the active principles, a study of their physicochemical characteristics was undertaken. Their quantitative retention by cellophane membranes during dialysis, reported in a former communication (2) indicated, in agreement with the immunological behavior, that these substances were of a high molecular weight.
Previous investigations (1) demonstrating the antigenicity of the active principles of the phenomenon of local skin reactivity suggested that they were either protein in nature or perhaps associated with proteins. In order to obtain additional information on the general properties of the active principles, a study of their physicochemical characteristics was undertaken. Their quantitative retention by cellophane membranes during dialysis, reported in a former communication (2) indicated, in agreement with the immunological behavior, that these substances were of a high molecular weight.
The work embodied in this paper comprises studies on the physicochemical properties of these materials, with special reference to particle size as estimated by ultrafiltration, fractional ammonium sulfate precipitation, and to isoelectric behavior. EXPE 
RIMENTAL
The methods for preparing active filtrates of Bacillus typhosus, meningococcus, and Bacillus coli, as well as their quantitative biological assay in groups of three rabbits, have already been described (2) . Before making dilutions for injection, filtrates were adjusted to pH 7.0-7.5 unless otherwise specified. Wherever indicated, the skinpreparatory potency was determined by titration of various intradermal doses against a constant intravenous dose of 25 reacting units.
L O C A L SKIN I L E A C T M T Y TO B A C T E R I A L I~ILTRATES. Ii
All procedures have been carried o u t u n d e r controlled sterile conditions.
1. Ultrafiltration.--The ultrafilter, which was employed in all of the experiments described below, supported a membrane 4 cm. in diameter placed above a Whatman No. 1 filter paper on a perforated metal plate. A thick walled glass cylinder was clamped, by means of a metal cap, onto a rubber washer placed above the membrane. An outlet tube from the cap permitted positive pressure to be applied from a nitrogen tank, whenever necessary. The capacity of this filter was 75 cc. It was set up in a 500 cc. suction flask. The membranes used were the commercially available Zsigmondy ultrafiltration filters, ~ made from cellulose esters by slow evaporation of their organosols to thin gds. Two varieties were used, the Ultrafein and Membrane types. The former retained albumen and Congo red solutions. The latter were graded for porosity by the time, in seconds, required for 100 cc. of distilled water to pass through 100 sq. cm. surface, under one atmosphere excess pressure at room temperature.
The membranes were stored in the ice chest under distilled water containing a few drops of formalin. When used, a membrane was transferred to a Petri dish containing merthiolate diluted 1 : 1000 and, after 1 hour, washed three times in Petri dishes of sterile saline. The membrane was then transferred to the ultrafilter which had been sterilized by autoclaving. 50 cc. of saline, and then 10 cc. of plain broth at pH 7.5, were first filtered in order to wash the membrane and saturate it with adsorbed protein (3). With the coarse filters, a water pump was sufficient, but with the finer membranes, positive pressures of nitrogen up to about 50 to 75 pounds per square inch were required for eflficient filtration. For convenience, the filtrate was collected in a test tube placed in the flask.
About 5 cc. of culture filtrate were then added and filtered to complete dryness. The solution being faltered was slightly alkaline, about pH 7.5-8.0, since protein adsorption errors are minimized under these conditions (4). The membrane was removed with a forceps, immersed in a tube containing 7 cc. of saline, and stored in the refrigerator. The solution, obtained in this manner from the dry membrane, was referred to as the eluate.
I n a preliminary series of experiments, active culture filtrates from B. coli, meningococcus, and B. typhosus were filtered t h r o u g h b o t h the coarse M e m b r a n e (average porosity of a b o u t 0.75/~) a n d t h e Ultrafein varieties. Groups of rabbits were prepared b y i n t r a d e r m a l injections of t h e unfiltered material and 24 hours later injected intravenously with t h e ultrafiltered preparations. T h e dose e m p l o y e d for t h e latter was 25 reacting units, calculated from t h e original titers, 1 These membranes were obtained from Pfaltz and Bauer, New York. assuming no loss during filtration. Whenever a filtrate proved inactive, the saline eluate of the membrane was tested. As can be seen from the results of these experiments, summarized in Table I , the coarse membranes readily permitted passage of the active principles, whereas the ultratiue filters failed to do so. The saline eluates of the latter were positive, indicating that the inactivity of their filtrates was not due to destruction on the membranes.
Since the data described above were only qualitative, experiments were undertaken to determine the smallest membrane porosities which would permit filtration of the active materials. Meningococcus 44B. culture filtrate (F.140/T.2252), which had a standardized titer of 1600 units per cc., was filtered through a series of graded membranes varying in filtration rates from 60 to 130 seconds. The average porosity, according to the commercial standardization of the latter membranes, varies from about 500 to 50 m#. The ultrafiltrates were tested for their reacting factors at a dilution of 1:10, i.e., 160 reacting units, assuming no loss during filtration. From the results summarized in Table II , it can be seen that the smallest porosity which permitted filtration was the "100 seconds" membrane. At a dilution of 1:5, however, the filtrate from the 110 seconds membrane was also positive. Membranes of lower porosity were negative at all of the dilutions tested. The filtration end-point, therefore, appeared between membranes of 100 to 120 seconds, which represented an average porosity of about 50 to 100 m#.
For comparative purposes a bacteriophage for Bacillus dysenteriae (Flexner) was filtered through membranes of 110 and 130 seconds. In both cases, the bacteriophage was recovered practically unchanged in the filtrates. It appears, therefore, that the active principles of the phenomenon under investigation have a larger particle size than the bacteriophage employed in these experiments. 
* Injected at dilution 1:5, this preparation was positive in 2 out of 3 rabbits. t Injected at dilution 1:5, this preparation was negative in 3 rabbits.
Fractional Precipitation with Ammonium
Sulfate.--In previous work (5) "agar washings" filtrates of B. typhosus were concentrated and preserved as dry powders by completely saturating them with ammonium sulfate, dialyzing through parchment, and evaporating in vacuo. In the present investigation, fractional precipitation of other culture filtrates was conducted.
After preliminary trials, using meningococcus "agar washings" filtrates, and B. coli filtrates of synthetic medium broth cultures, 2 the most practical procedure appeared to be separation at one-third, twothirds, and complete ammonium sulfate saturation, the fraction obtained at two-thirds saturation being particularly active. The These filtrates were prepared by Eli Lilly and Company, Indianapolis.
following experiments were then carried out quantitatively, with two standardized meningococcus 44B. "agar washings" filtrates. The latter had been dried in vials by freezing and evaporating in vacuo, using the method of Flosdorf and M u d d (6) .
One vial of meningococcus 44B. F.140/T.2252, representing 25 cc. of the origi. hal culture filtrate, was dissolved in 25 cc. of a Kolthoff borate-carbonate buffer at pH 10.0. The small insoluble residue, which was inactive (2), was removed by centrifugalization, and the supernatant solution adjusted to pH 7.5 with 0.6 cc. of N HC1. 5 gm. of ammonium sulfate were added (one-third saturation) and after 1 hour in the refrigerator, the precipitate was separated by centrifuging. Twothirds and completely saturated fractions were similarly removed by two further additions of 5 gm. portions of the salt. Most of the color of the original solution went into the second fraction. Each precipitate was dissolved in 10 cc. of distilled water and dialyzed, under sterile conditions, at 4°C. in "Cellophane ''3 bags, as formerly described (2), until the diffusion of sulfate ions was complete.
In a second experiment two vials, representing 50 cc. of the meningococcus culture filtrate, were first extracted overnight with 50 cc. of acetone at room temperature and then fractionated as described above.
Groups of three rabbits were prepared by intradermal injections of 0.25 cc. of the original meningococcus 44B. filtrate and 24 hours later injected intravenously with various dilutions of the ammonium sulfate fractions. Table I I I summarizes the results of these experiments, where it may be seen t h a t about 90 per cent of the original activity was recovered in the three fractions; most of the activity was found in the two-thirds saturated portion. Intradermal injections of the latter showed t h a t the skin-preparatory potency was also present. The skin-preparatory factors were not measured quantitatively. Precipitation and neutralization titers were also conducted on the various fractions, using antimeningococcus horse sera.
As can be seen from Table III , the foregoing preparations contained specific antigenic material; the two-thirds saturated fraction showing distinctly higher precipitation titer than the original filtrate. It is also worthy of note t h a t 40 reacting units of this fraction were completely neutralized by 0.25 cc. of monovalent antimeningococcus group I I I horse serum (7) . (This serum was prepared by immunization * We wish to express our thanks to E. I. Du Pont De Nemours and Company~ Cellophane Division, New York, for their cooperation in supplying us with various grades of cellophane.
of the horse for a period of 5 months with group I I I "agar washings" filtrates.) The same serum failed to neutralize this number of reacting units of the original filtrate. 
Studies on Isoelectric Properties.--(a) Capillary
Analysis.--Attempts to determine the isoelectric point of the active principles were first made by the method of capillary analysis. A simple technique for detecting the electric charge carried by virus particles, was described by Bedson and Bland (8) , and applied to the studies on the bacteriophage b y Clifton and Madison (9) . In principle, it depends upon the adsorption of positively charged sols by cellulose, which carries a negative charge.
Blotting paper was cut into 10 x 1 cm. strips, lightly ruled at 1 cm. inte~v~, which were sterilized in test tubes by dry heat at 180°C. When immersed in 1.5 cc. of water in a test tube for 30 minutes, it was found that each square centimeter imbibed, on the average, 45 :h 5 mg. of water. Each batch of paper used was tested for its charge with 0.01 per cent methylene blue and eosin. The former (positively charged) never rose above the first square, whereas the latter (negatively charged) always rose with the water above the seventh square.
1.5 cc. of meningococcus 44B. F.140/T.2252, dissolved in a S~rensen buffer, and the pH of the final solution determined colorimetricaUy, was pipetted into a test tube and a ruled strip dropped into the latter. After 30 minutes, the liquid bad risen to about the seventh square. The strip was then transferred to a dry tube for several minutes to permit drainage of any adhering droplets. Care was taken not to touch the sides of the test tubes during these operations. The strip was removed and cut into individual squares, which were dropped into numbered test tubes. They were stored in the refrigerator until tested.
24 hours previous to injection, 10 cc. of saline were added to each tube. Since each square imbibed 45 :t: 5 rag. of water, it was assumed that about 0.05 cc. of the culture filtrate was dissolved in the 10 cc. of saline, i.¢., a dilution of 1:200. Groups of rabbits were prepared intradermaUy with 0.25 cc. of the original filtrate and the various solutions tested for reacting potency by injecting 1 cc., per kilo of body weight. Assuming no loss, this intravenous injection represented 8 reacting units per cc.
It was found t h a t at a p H 8.0, the active materials rose to the fourth square and at both p H 5.3 and 4.3, to the third square. Since acid flocculation occurred at about p H 4.0 to 5.0, this method could not be applied to the more acid range. From these preliminary results, however, it was evident t h a t the active substances retained a positive charge down to p H 4.3. In an a t t e m p t to overcome the difficulty of precipitation from solutions of greater acidity, cataphoresis was used for further studies. The procedure outlined by Natarajan and H y d e (11), who used this apparatus in a study on the behavior of viruses when subjected to cataphoresis, was followed with slight modifications.
The U tube contained a central hollow one-way stopcock, of about 4 cc. capacity, which could be turned so as to connect either with a narrow central chamber or with the two side compartments. The latter acted as anode and cathode chambers. The small inverted U tubes (4 mm. internal diameter x IS cm. length) were filled, for each experiment, with 3 per cent sodium chloride containing 2 per cent agar. These tubes connected the anodal and cathodal side chambers with two non-polarizable copper electrodes. The cathode dipped into a small beaker containing 50 cc. of saturated CuS04 and a few crystals of the solid salt, while the anode was immersed into a beaker containing the CuS04 solution diluted I:I0. The electric circuit (120 volts D.C.) was similar to that described by Natarajan and Hyde (I i), but with the voltmeter and lamps omitted. A small radio rheostat and milliameter were connected in series with the apparatus.
Aliquots of meningococcus 44B. filtrate F. 140/T.2252, stored in a dried form in vials (6), were dissolved in various SSrensen buffers, the volume of which corresponded to that of the original culture filtrate samples. The pH values of the final solutions were determined colorimetrically. The sterilized U tube was filled with buffer solution at this pH, while the stopcock was in a horizontal position. The tube was supported on a ring-stand by damping to the central chamber. SmaU loose cotton plugs were set into the side arms, by means of a copper wire, in order to prevent diffusion. The agar bridges, kept in place by corks, were immersed just below the buffer surfaces. The stopcock was turned vertically, emptied with a capillary pipette, and the buffered culture filtrate added. The stopcock was then placed horizontally and the switch turned on. In all of the experiments a current of 6.5 4-0.5 milliamperes was maintained at room temperature for exactly 3 hours. The use of a thermostat was found unnecessary. At the end of this period, the solutions were removed and their pH values redetermined. In all cases, the original acidities were maintained.
The results of a series of experiments conducted hetween p H 8.0 and 2.0 are summarized in Table IV . Groups of t h r e e rabbits were prepared b y single intradermal injections of 0.25 cc. of the original meningococcus filtrate and 24 hours later t h e y received the various preparations intravenously. The solutions from the anodal and cathodal chambers were injected undiluted in a dose of 1 cc. per kilo of body weight, whereas those from the central chamber were tested for reacting potency at 1:64, which represented 25 reacting units, assuming no loss during cataphoresis.
I t can be seen from Table IV t h a t the active principles were negatively charged at p H 4.0 and above, since they migrated readily to the anode; the latter chamber became colored and turbid, while the cathode chamber remained perfectly clear. At p H 3.0 and below, however, the solutions in the anode chamber remained water-clear and were completely inactive. Although at these low pH values, the solutions in the cathode chamber became turbid, it was impossible to demonstrate activity in them. It is not certain, therefore, whether there occurred a reversal of charge of the active principles. Since acid precipitation removed active materials from the colloidal system carrying the current, it is possible that a demonstrable concentration of positively charged reacting factors was not formed in the cathode chamber. Culture filtrates of considerably higher titers would have to be used to investigate this problem more extensively. (12), who found that basic calcium phosphate precipitated in vitro adsorbed the active materials. By quantitatively titrating the reacting potency in solutions obtained from elufing several successive basic calcium phosphate precipitates at pH 6.0, most of the original activity was recovered.
Attempts to apply the method of Eaton (13), who obtained purified preparations of diphtheria and tetanus toxin by precipitation with alum and cadmium chloride, were not successful. Although adsorption with aluminum ammonium sulfate at pH 6.7 occurred, difficulties with elution were encountered.
In a former communication (2), it was reported that fractionation of culture filtrates with alcohol led to losses in activity. With preparations which were dried by freezing and evaporating i n vacuo (6) , however, it has been found that extraction in a Soxhlet apparatus could safely be conducted. In this manner, an appreciable quantity of fatty materials has been removed with ether, acetone, carbon tetrachloride, and absolute alcohol.
The stability of the active principles from meningococcus 44B. filtrate F.140/T.2252, when subjected to different hydrogen ion concentrations, has been investigated, as described below.
Samples were dissolved in buffer solutions varying from pH 3.0 to 10.0 and stored in the refrigerator for 3 months. The solutions were then tested for both skin-preparatory and reacting potency, which in all cases were retained. No significant quantitative differences were detected.
A sample was dissolved in a buffer at pH 10.0 and divided into four parts which were treated as follows: (a) heated for 1 hour at 56°C.; (b) immersed in boiling water for 15 minutes; (c) stored for 5 days in the refrigerator; and (d) in the incubator. Each solution was then tested for reacting potency at a dilution of 1 : 530, which represented 3 units. In all cases, two of the three rabbits injected were positive.
Two samples were dialyzed in cellophane bags at 4°C., for 1 week, against 600 co. of buffer solutions at pit 2.8 and 10.0, respectively, the outside solutions being changed daily. The contents were removed, neutralized, and tested for reacting potency at a dilution of 1:160, which represented 10 units. All of the rabbits reacted strongly.
DISCUSSION
The data presented in this paper comprise part of an investigation on the purification of the active substances of the phenomenon of local skin reactivity to bacterial filtrates. At an early stage of this work, it became clear that further knowledge of their physicochemical properties would be of aid in understanding their general nature, as well as in facilitating their chemical isolation.
The properties of the active principles thus far investigated in these laboratories point to their protein-like character, formerly suggested by immunological studies (1) . Nitrogen analyses of purified fractions (2), as well as the various physical characteristics described above, are in harmony with this point of view. The presence of excess acidic groups in the molecular complex is suggested by the low isoelectric point of pH 3.0-4.0.
Fractionation with ammonium sulfate, with subsequent dialysis through cellophane, has proved a practical procedure. Large volumes of culture filtrates can be concentrated readily by this technique, most of the activity being recovered in the two-thirds saturated fraction. The increase in the precipitation and neutralization titer observed for this fraction, as compared to that of the original culture filtrate (Table III) , is also of interest. It may be assumed that some of the interfering antigens were removed during the fractional precipitation. The inhibitory effects of multiple antigens upon antigen + antibody interactions were demonstrated by the work of Well, Bayne-Jones, Linossier and Lemoine, Eisenberg, Ascoli, yon Dungern, Zinsser, Wells, Opie, and others (quoted by Zinsser (14)).
The porosities of the Zsigmondy membranes, used in all of the ultrafiltration experiments, were commercially standardized. Since the values so obtained are probably not equivalent to the standardizations of Elford's gradocol membranes (15) , a correction for the relationship between limiting porosity and particle size, established by the latter (3), has not been applied. The observed ultrafiltration end-point of 50 to 100 m# is, therefore, considered as only an approximate measure of the true particle size. The estimation of particle sizes in bacteriological systems by means of ultrafiltration, particularly with Elford's methods, has recently been reviewed extensively by Ferry (16) . The probable sizes of many viruses have generally been found in the range of 25 to 175 m/~, whereas that of the bacteriophages about 10 to 75 m#. The limiting porosity of 50 to 100 m#, observed above, thus indicates that the size of the active principles of the phenomenon under discussion can be included in the range described for many viruses and the larger bacteriophages.
SUMMA_-RY
Several physicochemical properties of the active principles of the phenomenon of local skin reactivity to bacterial filtrates have been investigated.
Ultrafiltration through Zsigmondy filters of graded porosities has shown that the active substances are retained by membranes finer than 100 to 120 seconds, whereas coarser ones readily permit their passage. The average porosity of this filtration end-point represents a particle size of about 50 to 100 m#.
When fractionally precipitated with ammonium sulfate, most of the activity of a culture filtrate was concentrated in the two-thirds saturated portion.
Isoelectric properties were studied by means of capillary analysis and cataphoresis. At pH 3.0 and below, the substances suspended in the culture filtrates migrated to the cathode; activity in this chamber, however, could not be demonstrated. At pH 4.0 and above, reversal to the anode occurred, as the active materials became negatively charged and readily migrated to this chamber. The isoelectric point, therefore, was considered to be between pH 3.0 and 4.0.
Preliminary experiments on adsorption extraction, and pH stability have been described. 
